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(54) Title: PREFORM, DEVICE AND METHOD FOR CA5ING A WELL 

(54) litre; FREFORME. DISPOSITTF ET PROCEDE POUR LE TUBAGE D'UN PUTTS 

(57) Abstract 

A preform comprises, distributed along its wall, annular curable zones (3) 
which are radially and outwardly deformable so that they apply against the wall 
(20) of the well (2). or of the conduit and which form, after curing, anchoring and 
sealing locks for the casing. Application: casing of wells, particularly oil wells, 
or conduits, without using cement 

(57) Abreg* 

Cette prCforme comporte, reparties fe long de sa parol, des zones amtulaires 
durcissabies (3) antes a se deTormer radialement vers I'extirieur pour venir 
s'appliquer contre la parol (20) du puits (2). ou de la canalisation, et qui 
formem apres durcissement des venous d'anoage et d'ftancMue pour le cubage. 
Applications: tubage de putts, notarament de forage petrolier, ou de canalisations, 
s utilisation de ciment 
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1 

PREFORME, DISPOSITIF ET PROCEDE POUR LE TUBAGE D'UN PUITS 



La presente invention conccrnc une preTorme souplc qui est depliable 
radialement, et durcissable in situ, apres qu'elie ait 6t6 mise cn place dans un puits, 
notamment un puits de forage pdtrolier, ou dans une canalisation, pour y consumer un 
tubage cylindrique. 

5 L'invention concerne egalement le proced£ pour mettre en place, ancrer 

cette preTorme dans le puits ou dans la canalisation, et creer une *tanch£ite entre la 
preTorme et le pui ts ou la canalisation. 

On connait deja des preTormes dont la paroi est en matenau souple, 
susceptible d'etre repliee sur elle-meme de maniere a presenter un encombrement radial 

10 nettemcnt plus faible que le diametre du puits ou de la canalisation a tuber, ou a chemiser 
dans le cas d'une reparation localised. La preTorme est introduite dans le puits ou dans la 
canalisation a I'elat replied Une fois qu'elle a *te positionnee a Tendroit voulu, on la 
deTonne radialement vers rexteneur, par introduction a I'inteneur de la preTorme d'un 
fluide de gonflage. Sous 1'effet de la pression interne, elle prendune fonne cylindrique. 

15 c'est-a-dire une section circulaire. L'ancrage de la preTorme ainsi dilatee a Tinterieur du 
puits ou de la canalisation se fait au moyen d'un ciment que Ton coule dans I'espace 
aimulaire separant la paroi exteneure de la preTorme cylindrique de la paroi du puits ou de 
la canalisation. Le durcissement a chaud, par polymerisation, de la paroi constitutive de la 
preTorme peut €tre realise soil par introduction d'un liquide chaud a I'inteneur de la 

20 preTorme, soit par effet Joule au moyen de resistances electriques appropriees disposes 
dans la preTorme, par exemple de fils electriques faisant partie de V armature de la paroi de 
la preTorme, imprggnee de resine therm odurcissable. 

La demande de brevet internationale WO 94/2 1887 concerne la cimentation 
d'un tubage de ce type. 

25 La cimentation d'une telle preTorme de ce type pose plusieurs problemes. 

Tout d'abord, eile exige une installation de cimentation relativement 
sophistiquee et coQteuse. 

Par ailleurs, ia qualite du ciment doit ctre parfaite, pour pouvoir s'inserer 
correctement, et de maniere homogene, dans ies interstices annulaires, dont l'epaisseur 
30 peut etre tres faible, separant la paroi de la preTorme de la paroi du puits ou de la 
canalisation. 
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Enfin, la cimenlation n'est pas toujours tres liable, car raaJ contrSlee sur de 
grandes longueurs. 

L'objectif de la presente invention est de proposer urte prfforme du genre 
ci-dessus decrit, pouvant etre mise en place et ancrte a I'int^rieur du puits ou de !a 
5 canalisation, sans qu'on n'ait a faire usage d'un ciment 

Cet objectif est atteinl, conformement a rinvention, grace au fail que la 
preTorme comporte, le long de sa paroi. des zones annulaires durcissables aptes a se 
d6former radialement vers rexterieur pour veni rs'appliquer contre la paroi du puits ou de 
la canalisation et qui fonnent, apres durcissement, des venous d'ancrage et d^tanchdite 
10 pour le tubage. 

Par ailleurs, scion un certain nombre de caract6ristiques additionnelles, 
non limitatives de rinvention : 

" ,a prtforme comporte une reserve de r&ine polym^risable a chaud 
dispose du cdte* inteneur et apte a migrer radialement vers rexterieur a travers la paroi 
15 sous 1'effet d'une pression interne ; 

- die comporte une peau exteneure elastiquement deTormable, dont 
certains troncons en forme de manchons ont une aptitude a la deformation radiale 
nettement plus grande que celle du reste de la peau, ces troncons realisant lesdits verrous ; 

- les troncons facilemcnt dcTorrnables sont en elastomere non renforce\ 
20 tandis que le reste de la peau est en elastomere renforce* ; 

- ladite r&erve consiste en des poches annulaires situees en regard desdits 
troncons de peau exteneure facilement deTormables ; 

- ladite r&erve s'&end tout le long de la preTorme, y compris en regard des 
zones de peau exteneure non facilement dtformabies ; 

25 - la paroi de la preTorme est composee d'une ame en rfcane polymerisable 

a chaud et de deux peaux en matenau elastomcre, Tune intSrieure. r autre exteneure, 
ladite reserve contenant la resine eTant deTimitfe par Tame et par la peau inteneurc ; 

- la prtforme est munie de joints d'£tanch&te* annulaires entourant les 
zones durcissables destinies a constituer les verrous. 

30 L* 5 proc&te selon rinvention, destine a la mise en place, a Fancrage, et a la 

realisation de V6tanch6\t6 d'une preTorme telle que decrite ci-dessus a Tinteneur d'un 
puits ou d'une canalisation, comprend les Stapes suivantes : 

a) on introduit la prtforme a 1'eTat pli* dans un puits ou une canalisation 
cylindrique, dont le diametre est un peu plus grand que celui de la pnfforme lorsqu'elle 

35 est radialement d€ pi oyee ; 

b) on introduit un fluide sous pression a Tinteneur de la preTorme pour 
Tamener a r^tatrigourcusement cylindrique ; 
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c) on provoque la deformation desdites rones annulaires vers Texterieur 
pour les appliquer contre la paroi du puits ou de la canalisation ; 

d) on provoque le durrissement de la preTorme et des zones annulaires. 
De maniere avantageuse, a Tetape c) on chauffe la resine contenue dans 

5 les poches annulaires de maniere a ia liqudfier et la faire migrer vers Texterieur sous 
Teffet de la pression interne et, a Tetape d), on maintient cette resine et celle constitutive 
de la paroi de la preTorme a la temperature de polymerisation durant un temps suffisant 
pour obtenir le durcissement de T ensemble. 

D'autres caractfristiques et avantages de Tinvention apparaitront de la 
10 description ct des dessins annexes, qui en representent, a titre d'exemples non limitatifs, 
des modes de realisation preTe'rentiels. 
Sur ces dessins : 

- la figure 1 est une vue en coupe schdmatique d'une priforme conforme a 
Tinvention, apres introduction et deploiement radial, mais avant ancrage, a Tinterieur 

15 d' un puits de forage pltrolier ; 

- les figures 2 et 3 sont des sections transversales de la preTorme k Tetat 
initial replie, selon deux modes de repliement difKrents ; 

- la figure 4 est une vue simtlaire h celle des figures 2 et 3, qui represente 
la preTorme radialement deployee, pour prendre une forme cylindriquc ; 

20 - la figure 5 est une vue partielle, en coupe axiale, de la paroi de la 

preTorme, au niveau d'une zone annulaire durcissable destinee k constituer un verrou 
d'ancrage, avant qu'elle n'ait 6t£ d6formee radialement vers Texterieur ; 

- la figure 6 est une vue similaire a la figure 5, representant la prdforme 
apres deformation et durcissement du verrou ; 

25 - la figure 7 est une vue schematique d'un tronfon de prtforme deploye, 

qui est equipd de pi usieurs joints d'etancheite au niveau de la zone annulaire durcissable 
destine a constituer un verrou d'ancrage ; 

- la figure 8 est une vue en coupe Iongitudinale au niveau du joint, apres 
ancrage et durcissement de la preTorme dans un puits. 

30 - les figures 9 et 10 sont des vues analogues aux figures 5 et 6 respective- 

ment, representant une van ante de la preTorme. 

A la figure 1 on a represent^ une preTorme 1 conforme & Tinvention, qui 
est placee d Tinterieur d'un puits de forage peTrolier 2, dont la paroi cyiindrique est 
reTereDcee 20. 

35 La preTorme est de type connu, en materiau thermodurcissable, polymcTisa- 

ble & chaud, qui avant mise en place k Tinteneur du puits est replies longitudinalement de 
facon h presenter un encombrement radial reduiL 
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Le pliage pcut etre realise en "IT comme represente schemauquement a la 
figure 2, ou en "escargot" comme represente a ia figure 3. 

Apres mise en place sur la longueur voulue. a l'interieur du puits 2, la 
preforme est deployee de maniere a prendre une forme cylindrique, comme illustree aux 
5 figures 1 et 4. 

Cette dilatation radiale se fait par introduction d'un fluide sous pression 
dans I'espace inteneur 100 de la preTorme. Pour cela. il est prevu une canalisation 4 
penetrant de maniere etanche en extremity superieure la de la preforme. Pamenee de 
fluide se faisant depuis la surface S du puits. Le fluide utilise peut etre simplement la 
10 boueliquideextraitedu puits. 

L'extremit* basse lb de la preTorme est naturellement obturee par des 
moyens de fermeture appropries. 

A Petal deploye, la paroi 10 de la preforme presente done une forme 
ngoureusement cylindrique, de diametre calibre. Le diametre de sa surface exterieure est 
cho.si de manure a £tre tres legirement infeneur au diamitre de la paroi du puits. 

A litre d'exemple, non limitauf, le diameue exteme de la preTorme scrade 
178 millimetres, tandis que le diametre de la paroi 20 sera de 184 millimetres. 

II existe done un jeu annulaire J dont la valeur radiale est, par exemple de 
3 millimetres. ' ' 

Cet espace annulaire libre sur toute la hauteur de la preforme permet 
a evacuer la boue au cours du gonflage. 

Selon une caractenstique essentielle de l'invention. la preforme 1 est 
pourvue de plusieurs zones annulaires durcssables reparties le long de sa paroi aptes a 

sedeformerradialementversrexterieurpourvenirs'appliquercontre la paroi 20dupuits 
de maniere a former, apres durcissement. des verrous d'ancrage et d'etancheite pour le 
tubage. Ces verrous sont representes en traits interrompus et references 3 a la figure 1. 

Les different* venous 3 sont espaces de distances L, , L 2 pr<d6terminees, 
qui ne sont pas necessairement igales. 

A litre indicatif. la preTorme a une longueur pouvant atteindre 3 000 



15 



20 



25 



30 mitres, 
exemple. 



35 



L'espacement des verrous 3 pourra etre compris entre 5 et 50 metres, par 



La hauteur des venous sera de I'ordre de 0,5 a 3 mitres. 

Dans le mode de realisation represente aux figures 5 et 6, la paroi 10 de la 
preforme est constitute d'une ame thermodurcissable 5 prise en sandwich entre une peau 
interieure 6 et une peau exterieure 7. 
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L'ame 5 est une r&ine polymerisable a chaud, a P interieur de laqudle est 
noy6e une armature de ^enforcement composee de fibres 50, telles que des fibres de verre 
ou de carbone, certaines circonferemielles et d'autres longi tudinaJes. 

La peau interieure 6 est en materiau eiastomfcre (caoutchouc synthetique) 
5 non renforce. La peau exterieure 7 est en materiau eiastomere. renforce par un lissu 
faiWement extensible. 

La zone annulaire dcstinde a consumer le verrou forme un reservoir 
(poche) deiimite d'une part par Tame 5 et d'autre part par un renflement 6\ dirige vers 
P interieur 100 de ia preforme, de la peau interieure 6. Ce reservoir contient une resine 60, 
1 0 pol ymerisabl e a chaud. 

En regard du renflement 6\ la peau exterieure 7 est interrompue pour etre 
remplacde par un maitchon 8. Celui-ci est convenablemem relie et fixe, par exemple par 
collage, a la peau 7. Le manchon 8 est en materiau eiastomfcre non renforce. II est done 
extensible radialement, contrairement au reste de la peau exterieure 7. 
15 A titre indicatif, Pepaisseur de chacune des peaux 6, 7 est de Pordre de 2 

millimetres, tandis que Pame 5 a une epaisseur comprise entre 5 et 15 millimetres. 

La resine 60 est choisie pour possdder une viscosity eievee a temperature 
ambiante, et une viscosity faible a temperature eievee, par exemple a partir de 80*C 
environ. Elle devient alors liquide et susceptible de migrer a travers Pame 5 et son 
20 annature 50, vers 1 'exterieur. 

L'ancrage de la preforme dans ie puits se fait de la mani&re expliqu6e ci- 

aprfcs. 

On procede tout d'abord au deploiement radial dc la preforme, en y 
introduisant le liquide L, comme deja dit plus haut La preforme va done prendre 
25 progressi vement une forme cylindrique, tandis que la boue prdsente a 1 ' interieur du puits 
est chassee dc Pespacc annul aire reste libre et remonte en surface. C'est du reste cette 
meme boue qui peut 6tre utilisee comme liquide de gonflage L, via un circuit de pompage 
ad hoc. 

La pression du liquide L est choisie de telle manifcre qu'il y ait une 
30 difference de pression relativement eievee, par exemple de Pordre de 10 bars, entre ies 
liquides interieur et exterieur a ia preforme. La preforme est retenue dans sa position 
correcte a Finterieur du tube par un appareillage approprie instalie en surface, et non 
represente. 

Ensuite, on precede au chauffage de la paroi de ia preforme, soit en 
35 substituant au liquide L un liquide chaud, soit par effet Joule, a Paide.de resistances 
eiectriques appropriees montees dans la preforme. Cet apport de chaleur va fiuidifier la 
resine 60 contenue dans Ies poches 6' t ainsi que celle de Pame 5. 
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Sous reffet de la pression p du fluidc interieur, la resine liquide va alors 
migrer de Pinterieur vers rexterieur, tout en refoulant la resine constitutive de Tame 5, k 
travers cette dernicre pour former des hemics annulaires 61 qui vont venir s'appliquer 
- par I'intenngdiaire des tron^ns de peau 8 facilement deformables - contre la paroi 20, 
5 avec une pression relativement forte. Bien entendu, la capacity des reservoirs et. 
coneiati vement, le volume de la resine 60 sont choisis suffisants pour combler correcte- 
ment Tespace annulaire correspondant au jeu j, et ddformer suffisamment les venous 3 
vers rext6rieur, contre la paroi 20. Les tron9ons 8, apres expansion radiale, sont 
referenced 8* sur les dessins. 
10 On continue ensuite a apporter k la preforme et au verrou les calories 

necessaires, pendant une duree suffisante - gdn£ralcment de quelques heures - pour 
obtenir la polymerisation de r ensemble de la paroi, y compris celle des verrous. 

On obtient done ainsi un tubage rigide a paroi interieure cylindrique, et 
dont la paroi exterieure est formee de bourrelete annulaires qui constituent des zones 
15 d'ancrage et d'£tanch£it£ du tubage dans 1c puits 2. 

Les operations finales consistent a enlever le liquide se trouvant a 
F interieur de la preforme, k retirer le conduit 4, et k 6Iiminer les extremity de preforme 
haute la et basse lb. 

La partie 1 a peut fitre enlevee simplement par sciage transversal. La partie 
20 basse 1 b peut etre enlevde par forage axial k Y interieur du tubage. 

II convient de noter, que la localisation des verrous 3 est parfaitement 
contrdiee par suite de la presence des manchons 8 dont Taptitude k f extension radiale est . 
plus grande que le reste de la peau exterieure 7. 

La deformation de la peau interieure 6 vers Pexterieur, a la fin de la 
25 migration de la resine vers Pexterieur, est limitee car cette peau 7 va venir prendre appui 
contre la structure filamentaire 50 de P§me 5. Ainsi, on est assure que la paroi interieure 
du tubage aura une forme rigoureuscment cylindrique sur toute sa hauteur. 

Les verrous annulaires seront positionnes a la demande, selon les 
caracteristiques physiques du puits k tuber, le long de la preforme, notamment en 
30 function de la disposition de cenaines zones aquiferes. 

Pour ameiiorer retancheite entre la preforme et la paroi du puits, il est 
possible de prevoir, au niveau des venous 3 des joints d'etancheite. 

Cette possibilite est illustree aux figures 7 et 8. Les manchons dilataWes 8 
sont gamis d'un ou de pi usieurs joints d'etancheite 9, par exemple au nombrc de trois. II 
35 s'agit par exemple de joints souples, aptes a se deployer radialement en mgme temps que 
la preforme, pour prendre une forme torique. Apres dilatation radiale et durcissement des 
venous, les joints se trouvent loges dans une gorge annulaire de la peau exterieure 8\ 
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assurant une parfaite etancheite a ce niveau. Cette technique d*etanch£ite fait 1'objet de la 
demande de brevet n° 94 03629 deposee par la demanderesse le 23 mars 1994. Elle est 
appliquee ici aux zones d'ancrage de la preforme. 

H convient de noter que la lysine 60 peut rester empnsonnee pendant une 
5 tongue duree a rinterieur des poches 6\ sans risque de degradation. 

Ainsi, ies preform es peuvent Stre stocWcs sans dommages, mises en place 
au moment voulu, puis ancr£es egalement au moment voulu. Du reste, il n'est pas 
necessairc de realiser la polymerisation de la preforme et des verrous juste apres le 
deploiement radial de la preforme. Ces operations peuvent etre menfes successivement au 
10 moment opportun, notamment fonction de la disponibilite du personnel affects a ces 
t£ches. 

Dans la variante de preTorme illustree aux figures 9 et 10, dans lesquelles 
les memes references qu'aux figures 5 et 6 ont ete uulisees pour designer des elements 
identiques 6u similaires, la reserve de resine polymerisable a chaud 600 n'est pas 
15 confinee dans des poches. Au contraire, elle occupe un espace annulaire, cntre ame 5 et 
peau interieure 6, qui s'etend tout le long de la preforme 7, y compris en vis-a-vis des 
zones de peau exterieure renforcees, et non facilement deformables (voir figure 9). Lors 
de r application de la pression interne p, la resine liquide va migrer a rinterieur de Fame 
5. Cependant, vers 1'exterieur, elle ne va ressortir qu'en regard des troncons 8 facilement 
20 deformables, form ant ace niveau les bourrelets d'ancrage 8'. 

Cette variante de preforme esi d'un prix de revient plus faible que celui 
d' une preforme a poches. 

A titre indicatif, la peau exterieure 7 a une epaisseur de Pordre de 2 a 
3 mm, Tame 5 une epaisseur comprise entre 5 et 15 mm , la resine 600 une epaisseur de 
25 Fordre de 0,4 mm et la peau interieure 6 une epaisseur de Pordre de 2 mm. 

Bien que dans le mode de mise en oeuvre de Finvenuon qui vient d'etre 
decrit en reference aux dessins, on ait affaire au tubage d'un puits vertical, et plus 
precisement d'un puits de forage petrolier, la presente invention s'applique egalement au 
tubage de puits souterrains, qui ne sont pas forcement verticaux, et au tubage de 
30 canalisations, par exemple de pipe-lines ou de gazoducs en vue de leur reparation in situ 
par mise en place d'un chemisage interne. 
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8 

REVENDICATIONS 

1 . PreTorme souple depliable radialement et durcissable in situ apres 
mise cn place dans un puits ou une canalisation pour y consumer un tubagc cylindrique, 
caractensee par Ic fait qu'elJe comporte Ic long de sa paroi des zones annulaires durcissa- 
bles (3) aptes k se deTormer radialement vers Fexteneur pour venir s'appliquer contre la 

5 paroi (20) du puits (2) ou de la canalisation et qui forment apres durcissement des venous 
d'ancrage et d'6tancheit£ pour le tubage. 

2. PreTorme scion la revendication 1, caracten$6c par ie fait qu'elle 
comporte une reserve de resine polymerisable k chaud (60. 600) disposee du cdte 
interieur el apte k migrer radialement vers rexteTieur k travers la paroi (10), sous Feffet 

10 d 1 une pression interne (p). 

3- PreTorme selon Tune des revendications 1 ou 2, caractensee par le fait 
qu'elle comporte une peau exteneure elastiquement deToimable (7) dont certains troncons 
(8, 8') en forme de manchons, ont une aptitude k la ddformation radiale nettement plus 
grande que celle du reste de la peau (7), ces troncons rcalisant lesdits venous (3). 

15 4 • PreTorme selon la revendication 3, caractensee par le fait que les 

troncons (8, 8') faciiement deTormables sont en elastomere non renforce\ tandis que le 
reste de la peau (7) est en elastomere renforce* . 

5 . PreTorme selon la revendication 2 d'une part, et 3 ou 4 d'amre pan, 
prises en combinaison, caractensee par le fait que ladite reserve consiste en des poches 

20 annulaires situees en regard desdits troncons (8) de peau exteneure faciiement deTorma- 
bles. 

6 • PreTorme selon la revendication 2 d'une part, et 3 ou 4 d* autre part, 
prises en combinaison, caractensee par le fait que ladite reserve (600) s^tend tout le long 
de la preTorme, y compris en regard des zones de peau exteneure non faciiement 
25 deTormables. 

7 . PreTorme selon Tune des revendications 5 ou 6, caractensee par le fait 
que la paroi de la preTorme est composee d'une fime (5) en resine polymensable a chaud 
et de deux peaux en materiau elastomere, Tune interieure (6), fautre exteneure (7), ladite 
reserve contenant la resine (60, 600) 6tant delimited par Fame (5) et par la peau interieure 

30 (6). 

8 . PreTorme selon la revendication 7, caractensee par le fait que Tame (5) 
comporte une armature filamentaire (50) noyee dans la resine. 
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9 . Preforme selon 1'une des revendications 1 a 8, caracterisee par le fait 
qu'elle est munie de joints d'etancheite annulaires (9) emourant Ies zones durcissables (3) 
destinies a constituer Ies venous. 

10. Precede pour mettre en place, ancrer et r&liser 1'etancheite d'une 
5 preforme conforme a I'une des revendications precedents dans un puits ou une 

canalisation cylindrique, selon lequel : 

a) on introduit la preforme ( 1) a 1'etat plie dans le puits (2) ou la canalisa- 
tion, dont le diamine est un peu plus grand que celui de la preforme lorsqu'elle est 
radial ement deploy £e ; 

10 b > °« introduit un fluide sous pression a l'interieur de la preforme (1) pour 

1'amener a l'etat rigoureusement cylindrique ; 

c) on provoque la deformation desdites zones annulaires (3) vers 
I'exterieur pour ies appliquer contre la paroi (20) du puits (2) ou de la canalisation ; 

d) on provoque le durcissement de la preforme (1) et des zones annulaires 

15 (3). 

1 1 . Precede selon la revendicauon 10, applique a une preforme conforme 
a Tune des revendications 5 ou 6, caracterise par le fait qu'a I'etape c) on chauffe la 
nJsine (60) contenue dans les poches annulaires de manifere a la liquefier et la fairc migrer 
vers rexterieur sous 1'elTet de la pression interne (p) et qu'a I'etape d) on maintient cette 
resine et celle constitutive de la paroi de la preforme a la temperature de polymerisation 
durant un temps suffisant pour obtenir le durcissement de l'ensemble. 
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PREFORM, DEVICE AND METHOD FOR CASING A WELL 



The present invention concerns a flexible preform that is radially foldable and curable in 
5 situ, after it has been placed in a well, particularly an oil well, or in a conduit, in order to constitute 
a cylindrical casing therein. 

The invention also concerns the method for positioning, anchoring this preform in the well 
or conduit, and creating a seal between the preform and the well or conduit. 

Already known are preforms the wall of which is a flexible material that can be folded on 
1 0 itself in order to have an overall radial dimension that is significantly smaller than the diameter of 
the well or conduit to be cased, or to be lined in the case of a localized repair. The preform in its 
folded state is inserted in the well or conduit. Once it has been positioned at the desired location, 
it is radially deformed outward by introducing an inflation fluid into the preform. Under the effect of 
the internal pressure, it takes a cylindrical form, that is, a circular cross section. The anchoring of 
1 5 the expanded preform to the interior of the well or conduit is done by means of a cement that is 
poured into the annular space separating the outer wall of the cylindrical preform from the wall of 
the well or conduit. The curing of the preform wall by polymerization can be accomplished either 
by introducing a hot liquid inside the preform, or by the Joule effect by means of appropriate 
electrical resistances arranged in the preform, for example electric wires comprising part of the 
20 wall structure of the preform, impregnated with heat-setting resin. 

International patent application WO 94/21887 concerns cementing a casing of this type. 
The cementing of a preform of this type poses several problems. 
First, it requires a relatively sophisticated and expensive cementing facility. 
Moreover, the quality of the cement must be perfect in order to be able to insert it 
25 correctly and homogeneously into the annular interstices, the thickness of which can be very 
small, separating the wall of the preform from the wall of the well or conduit. 
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Finally, the cementing is. not always very reliable because it is poorly controlled over long 

lengths. 

The objective of the present invention is to propose a preform of the type described 
above that can be positioned and anchored inside the well or conduit without the need to use 
5 cement. 

This objective is achieved, according to the invention, due to the fact that the preform has, 
along its wall, annular curable zones that are radially and outwardly deformabie so that they apply 
against the wall of the well or conduit, and which form, after curing, anchoring and sealing locks 
for the casing. 

10 Moreover, according to a number of additional, non-limiting characteristics of the 

invention: 

- the preform has a reservoir of heat-curable resin on its inner side that can migrate 
radially outward through the wall under the effect of an internal pressure; 

- it has an elastically deformabie outer skin, certain sleeve-shaped sections of which 
1 5 have a capacity for the radial deformation that is significantly greater than that of the rest of the 

skin, these sections accomplishing said locks; 

- the easily deformabie sections are made of non-reinforced elastomer while the rest of 
the skin is made of reinforced elastomer; 

- said reservoir consists of annular pockets situated opposite said sections of easily 
20 deformabie outer skin; 

- said reservoir extends the full length of the preform, including opposite the areas of 
outer skin that are not easily deformabie; 

- the wall of the preform is composed of a heat-curable resin core and two skins made of 
elastomer material, one inside and one outside, said reservoir containing the resin being 

25 delimited by the core and by the inner skin; 

- the preform is provided with annular seal rings encircling the curable areas intended to 
constitute the locks. 

The method according to the invention, intended for the positioning, anchoring, and 
sealing of a preform as described above inside a well or conduit, is comprised of the following 
30 steps: 

a) the preform in its folded state is inserted in a well or cylindrical conduit, the diameter of 
which is a little larger than that of the preform when it has been radially deployed; 

b) a fluid under pressure is introduced into the preform to change it to a strictly cylindrical 

state; 

35 
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c) said annular zones are deformed outward to apply them against the wall of the well or 

conduit; 

d) the preform and the annular zones are cured. 

In an advantageous way, in step c) the resin contained in the annular pockets is heated 
5 in order to liquefy it and cause it to migrate outward under the effect of the internal pressure, and 
in step d), this resin and the resin of the wail of the preform are maintained at the polymerization 
temperature for enough time to obtain the curing of the whole. 

Other characteristics and advantages of the invention will appear from the description 
and the appended drawings, which represent, by way of non-limiting examples, preferential 
10 embodiments. 

In these drawings: 

- Figure 1 is a diagrammatic cross sectional view of a preform according to the invention, 
after insertion and radial deployment, but before anchoring, inside an oil well; 

- Figures 2 and 3 are transverse cross sections of the preform in its initial folded state, 
1 5 according to two different methods of folding; 

- Figure 4 is a view similar to Figures 2 and 3, which represents the radially deployed 
preform to take a cylindrical form; 

- Figure 5 is a partial view, in axial cross section, of the wall of the preform at one curable 
annular zone intended to constitute an anchoring lock, prior to being radially deformed outward; 

20 - Figure 6 is a view similar to Figure 5, representing the preform after deformation and 

curing of the lock; 

- Figure 7 is a diagrammatic view of a section of deployed preform, which is equipped 
with several seat rings at the curable annular zone intended to constitute an anchoring lock; 

- Figure 8 is a longitudinal cross section at the ring, after the preform is anchored and 
25 cured in a well. 

- Figures 9 and 10 are views similar to Figures 5 and 6, respectively, representing a 
variant of the preform. 

Figure 1 represents a preform 1 according to the invention, which is placed inside an oil 
well 2, the cylindrical wall of which is referenced as 20. 
30 The preform is of a known type, made of thermosetting, heat-curable material, which, 

prior to being placed inside the well, is folded longitudinally so as to have a reduced radial 
dimension. 
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The folding can be done in "IT shape as shown diagrammatically in Figure 2, or "snail" 
shape as represented in Figure 3. 

After being positioned inside the well 2 along the desired length, the preform is deployed 
so that it takes on a cylindrical form, as illustrated in Figures 1 and 4. 
5 This radial expansion is accomplished by introducing a fluid under pressure into the 

preform 's internal space 100. To do this, a conduit 4 is provided that sealably penetrates the 
preform at its upper end 1a and carries the fluid from the surface S of the well. The fluid used can 
simply be the liquid mud extracted from the well 

The lower end 1b of the preform is naturally plugged by an appropriate closing means. 
10 In its deployed state, the wall 10 of the preform has an strictly cylindrical shape, of 

specific diameter. The diameter of its outer surface is selected so as to be slightly less than the 
diameter of the well's wall. 

By way of non-limiting example, the outside diameter of the preform will be 178 
millimeters, while the diameter of the wall 20 will be 184 millimeters. 
15 There is therefore an annular space j the radial value of which, for example, is 3 

millimeters. 

This free annular space along the full height of the preform allows the mud to be 
evacuated during inflation. 

According to one essential characteristic of the invention, the preform 1 is provided with 
20 several annular curable zones distributed along its wall, which are radially and outwardly 
deformable so that they apply against the wall 20 of the well, and which after curing, form 
anchoring and sealing locks for the casing. These locks are represented by broken lines and by 
references 3 in Figure 1. 

The different locks 3 are spaced at predetermined distances L,, L a that are not 
25 necessarily equal. 

By way of example, the preform has a length that can reach 3,000 meters. 

The spacing of the locks 3 can be between 5 and 50 meters, for example. 

The height of the locks will be on the order of 0.5 to 3 meters. 

In the embodiment represented in Figures 5 and 6, the wall 10 of the preform is 
30 composed of a heat-setting core 5 sandwiched between an inner skin 6 and an outer skin 7. 
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The core 5 is a heat-curable resin, inside which is embedded a reinforcing structure 
composed of fibers 50, such as glass or carbon fibers, some of which are circumferential and 
others longitudinal. 

The inner skin 6 is an unreinforced elastomer material (synthetic rubber). The outer skin 
5 7 is an elastomer material reinforced by a slightly expandable fabric. 

The annular zone Intended to constitute the lock forms a reservoir (pocket) delimited by 
the core 5 as well as by a bulge 6\ toward the interior 100 of the preform, in the inner skin 6. This 
reservoir contains a heat-curable resin 60. 

Opposite the bulge 6', the outer skin 7 is interrupted to be replaced by a sleeve tube 8. 
10 This sleeve tube is appropriately connected and attached, for example by gluing, to the skin 7. 
The sleeve tube 8 is made of an unreinforced elastomer material. It is therefore radially 
expandable, unlike the rest of the outer skin 7. 

By way of example, the thickness of each of the skins 6, 7 is on the order of 2 millimeters, 
while the core 5 has a thickness of between 5 and 15 millimeters. 
15 The resin 60 is selected to have a high viscosity at ambient temperature, and a low 

viscosity at high temperature, for example above about 80°C. It then becomes liquid and can 
migrate outward through the core 5 and its reinforcing structure 50. 

The anchoring of the preform in the well is done as explained in the following. 

First, the preform is radially deployed by introducing the liquid L into it, as already 
20 mentioned above. The preform will then progressively take on a cylindrical shape, while the mud 
present inside the well is forced out of the annular space that remains free, and rises to the 
surface. The rest of this same mud can be used as the inflation liquid L, by means of a suitable 
pumping system. 

The pressure of the liquid L is selected so that there is a relatively high pressure 
25 differential, for example on the order of 10 bars, between the liquids inside and outside the 
preform. The preform is held in its proper position inside the pipe by an appropriate device 
installed at the surface, and not represented. 

Next, the wall of the preform is heated either by replacing the liquid L with a hot liquid, or 
by the Joule effect using appropriate electrical resistances mounted in the preform. This heat will 
30 liquefy the resin 60 contained in the pockets 6', as well as the resin of the core 5. 
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Under the effect of the pressure p of the internal fluid, the liquid resin then migrates 
outward from the interior, while forcing the resin comprising the core 5 through to form annular 
bulges 61 which will be applied - by means of sections of easily deformable skin 8 - against the 
wall 20, with a relatively strong pressure. Of course, the capacity of the reservoirs, and 
5 correctively, the volume of the resin 60, are chosen so as to be sufficient to correctly fill the 
annular space J, and to sufficiently deform the locks 3 in an outward direction against the wall 20. 
The sections 8, after radial expansion, are referenced 8* in the drawings. 

The necessary calories continue to be applied to the preform and to the lock for enough 
time - usually a few hours - to obtain a curing of the wall assembly, including the locks. 
10 Thus, a rigid casing is obtained with cylindrical interior wall, and the outer wall of which is 

formed of annular rolls that comprise anchoring and sealing zones of the casing in the well 2. 

The final operations consist of removing the liquid from inside the preform, withdrawing 
the conduit 4, and eliminating the upper and lower ends 1a and 1b, respectively, from the preform. 

The part 1a can be removed simply by transverse sawing. The lower part 1b can be 
1 5 removed by axial boring inside the casing. 

It should be noted that the location of the locks 3 is perfectly controlled due to the 
presence of the sleeve tubes 8, which have a greater ability to extend radially than the rest of the 
outer skin 7. 

The outward deformation of the inner skin 6, at the end of the outward migration of the 
20 resin, is limited because the skin 7 will come up against the filament structure 50 of the core 5. 
This ensures that the interior wall of the casing will have a strictly cylindrical shape along its full 
height. 

The annular locks will be positioned where desired, depending on the physical 
characteristics of the well to be cased, along the preform, particularly as a function of the location 
25 of certain aquifer zones. 

In order to improve the seal between the preform and the wall of the well, seal rings can 
be provided at the locks 3. 

This possibility is illustrated in Figures 7 and 8. The expandable sleeve tubes 8 are fitted 
with one or more seal rings 9, for example three in number. These are flexible rings, for example, 
30 capable of being deployed radially at the same time as the preform, to take on a toroidal shape. 
After radial expansion and curing of the locks, the rings are lodged in an annular groove of the 
outer skin 8', 
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providing a perfect seal at this point. This sealing technique is the object of this applicant's patent 
application No. 94 03629 filed on March 23, 1994. It is applied here to the anchoring areas of the 
preform. 

It should be noted that the resin 60 can remain enclosed for a long time inside the 
pockets 6', with no risk of degradation. 

The preforms can therefore be stored without damage, put in place whenever desired, 
then also anchored whenever desired. Furthermore, the preform and locks do not need to be 
cured until after the radial deployment of the preform. These operations can be performed 
successively at the proper time, depending on the availability of the personnel assigned to these 
tasks. 

In the preform variant illustrated in Figures 9 and 10, in which the same references as in 
Figures 5 and 6 were used to designate identical or similar elements, the reserve of heat-curable 
resin 600 is not confined in the pockets. On the contrary, it occupies an annular space between 
the core 5 and the inner skin 6, which extends the full length of the preform 7, including opposite 
the outer reinforced skin areas that are not easily deformable (see Figure 9). During the 
application of the internal pressure p, the liquid resin migrates to the inside of the core 5. Toward 
the exterior, however, it will only push out into the easily deformable sections 8, forming 
anchoring rolls 8' there. 

This preform variant has a lower production cost than a preform with pockets. 

By way of example, the outer skin 7 has a thickness on the order of 2'to 3 mm, the core 5 
has a thickness of between 5 and 15 mm, the resin 600 has a thickness on the order of 0.4 mm 
and the inner skin 6 has a thickness on the order of 2 mm. 

Although in the method of implementing the invention that has just been described with 
reference to the drawings, the casing was for a vertical well, and more specifically an oil well 
bore-hole, the present invention also applies to the casing of underground wells that are not 
necessarily vertical, and to the casing of conduits, for example pipelines or gas pipelines, for the 
purpose of repairing them in situ by installing an internal lining. 
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CLAIMS 

1. Flexible preform that is radially foldable and curable in situ , after it has been placed in 
a well or in a conduit, in order to constitute a cylindrical casing therein, characterized by the fact 

5 that the preform has, along its wall, annular curable zones (3) that are radially and outwardly 
deformable so that they apply against the wall (20) of the well (2) or conduit, and which form, after 
curing, anchoring and sealing locks for the casing. 

2. Preform according to claim 1, characterized by the fact that it has a reservoir of heat- 
curable resin (60, 600) on its inner side that can migrate radially outward through the wall (10) 

1 0 under the effect of an internal pressure (p). 

3. Preform according to either of claims 1 or 2, characterized by the fact that it has an 
elastically deformable outer skin (7), certain sleeve-shaped sections (8, 8') of which have a 
capacity for the radial deformation that is significantly greater than that of the rest of the skin (7), 
these sections accomplishing said locks (3). 

15 4. Preform according to claim 3, characterized by the fact that the easily-deformable 

sections (8, 8') are made of non-reinforced elastomer while the rest of the skin (7) is made of 
reinforced elastomer. 

5. Preform according to claim 2 on the one hand, and to 3 or 4 on the other hand, taken 
in combination, characterized by the fact that said reservoir consists of annular pockets situated 

20 opposite said sections (8) of easily-deformable outer skin. 

6. Preform according to claim 2 on the one hand, and to 3 or 4 on the other hand, taken 
in combination, characterized by the fact said reservoir (600) extends the full length of the 
preform, including opposite the areas of outer skin that are not easily deformable. 

7. Preform according to either of claims 5 or 6, characterized by the fact that the wall of 
25 the preform is composed of a heat-curable resin core (5) and two skins made of elastomer 

material, one inside (6) and one outside (7), said reservoir containing the resin (60, 600) being 
delimited by the core (5) and by the inner skin (6). 

8. Preform according to claim 7, characterized by the fact that the core (5) has a filament- 
type reinforcing structure (50) embedded in the resin. 

30 
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9. Preform according to any of claims 1 to 8, characterized by the fact that it is provided 
with annular seal rings (9) encircling the curable zones (3) intended to constitute the locks. 

10. Method for the positioning, anchoring, and sealing of a preform as described above 
5 inside a well or cylindrical conduit according to which: 

a) the preform (1) in its folded state is inserted in a well (2) or conduit, the diameter of 
which is a little larger than that of the preform when it has been radially deployed; 

b) a fluid under pressure is introduced into the preform (1) to change it to a strictly 
cylindrical state; 

10 c) said annular zones (3) are deformed outward to apply them against the wall (20) of the 

well (2) or conduit; 

d) the preform (1) and the annular zones (3) are cured. 

11. Method according to claim 10, applied to a preform according to either of claims 5 or 
6, characterized by the fact that in step c) the resin (60) contained in the annular pockets is 

15 heated in order to liquefy it and cause it to migrate outward under the effect of the internal 
pressure (p) f and that in step d), this resin and the resin of the wall of the preform are maintained 
at the polymerization temperature for enough time to obtain the curing of the whole. 



[see original for figures] 



INTERNATIONAL SEARCH REPORT 



[see original for two, 2-page Search Reports in English] 




TRANSPERFECT ! TRANSLATIONS 



AFFIDAVIT OF ACCURACY 



ATLANTA 
BOSTON 
BRUSSELS 
CHICAGO 
DALLAS 
DETROIT 
FRANKFURT 
HOUSTON 
LONDON 
LOS &NGELES 
MIAMi 
MINNEAPOLIS 
NEW YORK 

PARIS 
PHILADELPHIA 
SAN DlEGC 
SAN FRANCfSCC 
SEATTLE 
WASHINGTON DC 



I, Kim Stewart, hereby certify that the following is, to the best of my 
knowledge and belief, true and accurate translations performed by 
professional translators of the following patents from French to English: 

WO 99/25951 
WO 97/06346 
WO 96/21083 
WO 96/01937 
WO 94/25655 
2 780 751(98 08781) 
2 IM.e^m 03629) 

Kim Stewart 

TransPerfect Translations, Inc. 
3600 One Houston Center 
1221 McKinney 
Houston, TX 77010 



Sworn to before me this 
23rd day of January 2002. 

Signature, Notary Public 

OFFICIAL SEAL 
MARIA A. SERNA 
NOTARY PUBLIC 
inarm forth. State dTwa. 

comrpisrJon *vw+% 03-2S 2003 



Stamp, Notary Public 
Harris County 
Houston, TX 




This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 
COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 
LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: . . 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 





